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Objective
To identify characteristics of the primary tumor highly associ-
ated with lymph node metastases.

Summary Background Data

Recent enthusiasm for limiting axillary lymph node dissection
(ALND) in women with breast cancer may increase the likeli-
hood that nodal metastases will be missed. Identification of
characteristics of primary tumors predictive of lymph node
metastases may prompt a more extensive surgical and patho-
logic search for metastases in patients with negative sentinel
lymph nodes or limited ALND.

Methods

The authors studied 850 consecutive patients who underwent
ALND for T1 breast cancer. Age, tumor size, histopathologic
diagnosis, tumor differentiation, presence of lymphatic inva-
sion, and estrogen and progesterone receptor results were
studied prospectively. Stepwise logistic regression was used
to identify variables independently associated with axillary
lymph node metastases.

Results

Lymphatic invasion, tumor size, and age were independently
associated with lymph node metastases. Fifty-one percent of
the 181 patients with lymphatic invasion had axillary lymph
node metastases, compared with 19% of the 669 patients
without lymphatic invasion. Thirty-five percent of the 470 pa-
tients with tumors >1 cm had nodal involvement compared
with 13% of the 380 patients with smaller cancers. Thirty-
seven percent of the 63 women younger than age 40 had
lymph node involvement compared with 25% of the 787
women older than age 40. Significant correlations were noted
between lymphatic invasion and patient age and between
lymphatic invasion and tumor size. The proportion of tumors
with lymphatic invasion decreased progressively with increas-
ing age and increased with increasing tumor size.

Conclusions

Axillary lymph node metastases are most significantly related
to lymphatic invasion in the primary tumor, followed, in order
of significance, by tumor size and patient age. Axillary nodal
metastases should be suspected in the presence of lymphatic
invasion of large tumors in young patients.

Axillary lymph node involvement is the most significant patients unlikely to benefit from axillary lymph node dis-
and durable prognostic factor for women with breast cansection (ALND) because the risk of nodal metastases is
cer! Small cancers without nodal involvement have arextremely low> ' The increasing use of sentinel lymph
extremely favorable prognosis. Metastasis to a single axihode biopsy may reduce the complications of ALND at the
lary node more than doubles the risk of distant diseasexpense of increasing the risk of missed nodal metastases.
Consequently, nodal involvement in T1 cancers often dan addition to identifying patients at low risk of axillary
termines whether a patient is treated with adjuvant Chem‘?netastases, we should identify characteristics of primary

therapy?

tumors predictive of lymph node involvemei.”%14In

The focus of recent studies has been the identification Qﬂese patients, a limited ALND or sentinel lymph node
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biopsy may have a high false-negative rate. Recent enthu-

n§iasm for limiting the extent of removal of axillary lymph

nodes increases the likelihood that nodal metastases will be
missed>® The evolving role of sentinel lymph node biopsy
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must include consideration for characteristics of primary
tumors that make nodal involvement likely.
To identify characteristics of primary tumors highly as-

Table 1. STEPWISE LOGISTIC
REGRESSION WITH NODAL
INVOLVEMENT AS THE

sociated 'With a>§illary Iymph n.ode metastases, we studied DEPENDENT VARIABLE
consecutive patients with T1 invasive breast cancers whe
underwent ALND. Identifying such patients could prompt a Step

more extensive surgical and pathologic search for metasta-

ses in a patient with negative nodes on sentinel lymph node__Varnable ° 1 2 3
biopsy or limited ALND. Age 0.0010  0.0314 00318  0.0313
Differentiation 0.0000  0.0012 01010  0.1078
Estrogen receptor 0.3663 0.1857 0.2931 0.4131
PATIENTS AND METHODS Lymphatic invasion 0.0000  0.0000  0.0000  0.0000
Pathology 0.2483 05773  0.8669  0.8178
The pathology records of the Mount Sinai Medical CenterProgesterone rec. 0.3440 0.4623 0.9540 0.9306
were reviewed to identify women with invasive breast can-Tumor size 0.0000 ~ 0.0000  0.0000  0.0000

cers meas.ur|n§2.0 cm who underwent definitive SUI’gIC&| Italics indicate that the variable has been added to the equation.
treatment including ALND between January 1993 and July.
1998. Information was prospectively collected concerning
patient age, tumor size, histopathology, tumor differentia-
tion, lymphatic invasion, estrogen and progesterone receppositive. Seventy-four percent (& 628) of the patients
tor levels, involvement of axillary lymph nodes, and type of were treated with breast conservation.
surgery. In patients with multiple primary invasive tumors, Stepwise logistic regression was used to identify vari-
the size of the largest infiltrating lesion was recorded. His-ables significantly related to nodal involvement (Table 1).
tologic slides were initially read or, in a minority of cases, In step 0, age, lymphatic invasion, tumor differentiation,
retrospectively reviewed by one of the authors (1JB). and tumor size were significantly related to nodal involve-
Data were analyzed using the SPSS statistical programent. Because lymphatic invasion was the most significant
(SPSS Incorporated, Chicago, IL). Stepwise logistic regresof these variables, it was the first variable added to the
sion was used to identify the most significant characteristicgquation predicting nodal involvement. Lymphatic invasion
of the primary tumor associated with axillary lymph node was significantly related to nodal involvement because the
involvement. The significance of differences in categoricalmajority (51%) of patients with lymphatic invasion had
variables was evaluated using the chi square test, and thgillary lymph node metastases, compared with 19% of
significance of differences in continuous variables was eVa'patients without identifiable lymphatic invasion €p0.001,
uated using Student's t test. The significance of the relatiofraple 2). Lymphatic invasion was not predictive of the
between variables was evaluated using correlation coefficientgegree of nodal involvement because the average number of
involved nodes in patients with lymphatic invasion was 3.1
versus3.2 for patients without lymphatic invasion.
RESULTS After consideration for lymphatic invasion in step 1 of the

The patients ranged in age from 25 to 92 (mean 58). ThéPdistic regression, age, size, and differentiation continued
invasive tumors ranged in size from microscopic, less tha0 be significantly related to nodal involvement. Because
1 mm, to 2 cm (mean 1.2 cm). One hundred five (12%) oftumor size was the most significant of these, it was added to
the carcinomas measured up to 5 mm (median 3 mm) ithe equation containing lymphatic invasion predicting nodal
greatest diameter (T1a), 275 (32%) were 5 to 10 mm (melnvolvement. Larger tumors were more commonly associ-
dian 8 mm, T1b), and 470 (55%) werel0 mm to 20 mm  ated with involved axillary lymph nodes (g 0.001, see
(median 15 mm, T1c). Carcinomasl mm in diameter Table 2). Thirty-five percent (r= 166) of the 470 tumors
included 21 T1 MIC cancers (ductal carcinomssituwith ~ >1 cm were associated with nodal involvemeatsus13%
microinvasion). Seventy-three percent£r616) of the 850 (n = 50) of the 380 patients with smaller tumors. The
T1 cancers were infiltrating ductal, 11% ¢a 95) were average size of node-negative tumors was lvemsusl.4
infiltrating lobular, 11% (n= 92) were tubular or tubu- cm for node-positive tumors (g 0.035).
lolobular, 4% (n= 33) were colloid, and 1.5% (& 13) After consideration for lymphatic invasion and tumor size
were medullary. Six percent of the tumors were well dif- in step 2 of the logistic regression, tumor differentiation was
ferentiated, 50% were moderately differentiated, and 43%o0 longer significantly related to nodal involvement (see
were poorly differentiated. Lymphatic invasion was identi- Table 1). The remaining variable significantly related to
fied in 21% (n= 181) of the carcinomas, and 25% &  nodal involvement was patient age, and this was added to
216) of the 850 patients had axillary lymph node metastaseshe equation containing lymphatic invasion and tumor size
Seventy-five percent (= 635) were estrogen receptor- in step 3. Age was significantly related to nodal involvement
positive and 63% (n= 528) were progesterone receptor- because 37% (& 23) of the 63 women younger than age
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Table 2. VARIABLES SIGNIFICANTLY
RELATED TO NODAL INVOLVEMENT IN
STEPWISE LOGISTIC REGRESSION (%)

Nodal Involvement

No Yes p Value
Lymphatic Invasion
No 545 (81) 124 (19) <0.001
Yes 89 (49) 92 (51)
Tumor Size
T1a 97 (92) 8(8) <0.001
Tib 233 (85) 42 (15)
Tic 304 (65) 166 (35)
Age
<40 40 (64) 23 (37) 0.009
40-49 146 (74) 52 (26)
50-59 167 (72) 66 (28)
60-69 157 (82) 35(18)
70+ 124 (76) 40 (24)
40 had nodal involvement compared with 25%=r193) of

the 787 women older than age 40+4p0.009, see Table 2).
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age: 43% of women younger than 40, 23% of women 40 to
50, 20% of women 50 to 60, 20% of women 60 to 70, and
11% of women older than 70 had tumors with lymphatic
invasion (p< 0.001). The average age of patients with
lymphatic invasion was 54, compared with 59 for patients
without lymphatic invasion (p< 0.001). The average size of
tumors with lymphatic invasion was 1.3 cm, compared with
1.1 cm for tumors without lymphatic invasion ¢ 0.001),
and 71% of tumors with lymphatic invasion werel.0 cm
versus51% of carcinomas without lymphatic invasion. The
proportion of tumors with lymphatic invasion increased
progressively with increasing tumor size from 10%<ri1)
of the 105 T1a cancers to 15% {n41) of the 275 T1b and
27% (129) of the 470 T1c cancers {p0.001, Table 4).

Lymphatic invasion was a strong predictor of nodal in-
volvement in all patients except those older than 70. Lym-
phatic invasion increased the risk of nodal involvement
>2.5 times (from 21% to 55%) in women younger than 70.
In women 70 and older, the presence of lymphatic invasion
increased the risk of nodal involvement 1.3 times (from
23% to 30%).

These results indicate that lymph node involvement in T1

Significant correlations were noted between lymphaticdbreast cancers is most significantly related to lymphatic
invasion and patient age and between lymphatic invasioinvasion in the primary cancer. Both increasing tumor size
and tumor size (Table 3). The proportion of tumors withand young age were also significantly related to nodal
lymphatic invasion decreased progressively with increasingnvolvement after consideration for lymphatic invasion.

Table 3. CORRELATION BETWEEN VARIABLES

Progesterone Estrogen Lymphatic
Receptor Receptor Nodes Invasion Differentiation Pathology Size
Age —.041 115 —.090 —.144 —.056 .058 —-.007
231 .001 .009 .000 .135 .093 .840
847 848 848 711 848 847
Size —.109 —-.023 223 175 .303 —.046
.002 .507 .000 .000 .000 181
848 849 849 849 712 848
Pathology .082 A11 .041 —.183 —-.320
.018 .001 237 .000 .000
848 849 849 849 712
Differentiation -.328 -.317 .180 .236
.000 .000 .000 .000
711 712 712 712
Lymphatic invasion —.032 .025 178
.356 467 .000
849 850 850
Nodes —.083 —.011
.016 745
849 850
Estrogen receptor 455
.000
849

Top number: correlation coefficient; middle: p; bottom: n.
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nodes in 46% to 64% of patients with T1 canc®fsIn

multivariate studies, lymphatic invasion has consistently
been the most significant variable associated with nodal
disease"*° Lymphatic invasion may be regarded as the
Lymphatic Invasion precursor of nodal involvement, and all patients with nodal
involvement can be assumed to have had lymphatic inva-

Table 4. COMPARISON OF PATIENTS
WITH AND WITHOUT LYMPHATIC
INVASION (%)

Yes No P Value sion in the primary whether detected by the pathologist or

N 181 669 not. However, the converse may not be true: not all patients
Age 54 59 <0.001 with lymphatic invasion necessarily have nodal involve-
Tumor size (cm) 1.3 1.1 <0.001 ment?®*8=2%In our study, most of the patients with lym-

Na 11(10) 94(30) phatic invasion had involved nodes, but almost half did not,

Tib 41(15)  234(85)  <0.001 . . ) . i

Tie 120(27) 341 (79) when studied by routine histologic technique. Several stud-
Pathology ies, however, have shown that more intensive pathologic

Infiltrating ductal 162 (26) 454 (74) examination of axillary lymph nodes by the combined use

Infiltrating lobular 8(8) 87 (92) of additional hematoxylin-and-eosin-stained levels and im-

%?gﬁ:globular ég 221 gj; <0.001 munohistochemical techniques uncovers occult metastases

Medullary 1) 12 (92) in 10% to 24% of node-negative patiedts® If it were
Tumor differentiation possible to perform this level of examination routinely, it is

Well 24 43 (96) likely that the predictive value of lymphatic invasion for

Moderate 61(17)  297(@®3) <0001 nodal disease would increase even further.

Poor 109 (35) 200 (65) : g . .
Involved | The risk of involved nodes also increases with increas-

ymph nodes . . 35-10.13
0 89 545 ing tumor size:> “*Three percent to 11% of Tla,

(14) (86)
1-3 67 (41) (59)  <0.001 13% to 17% of T1b, and 26% to 35% of T1c cancers have
4+ - 25(48)  27(52) lymph node metastases, irrespective of the presence or

Estrogen receptor positive 189.(77) (r4) 0466 gpsence of lymphatic invasion. As tumors increase in

Progesterone receptor positive 107 (59) (63) 0.355 . . . .

size, they are more likely to exhibit both lymphatic
invasion and positive lymph nodés.One might specu-

. . o ._late that tumor size predicts nodal disease simply because

Lymphatic invasion was significantly related to tumor size. . o . : .

. : - : . it also predicts lymphatic invasion, which remains occult
and patient age. Tumor differentiation, histopathologic sub-

because of pathologic sampling issues. Assessment of
type, and estrogen and progesterone receptor status were no - o . :
. lymphatic invasion in breast cancer is most productive
related to nodal involvement.

with the histologic examination of greater amounts of

tissue and is most accurately assessed at the periphery of
DISCUSSION the lesion. As invasive tumors increase in size, a smaller
percentage of the tumor area is histologically examined.

durable prognostic factor for women with breast caricer. Furthe'r, as the size increases, the peri'pheral areas of the
This is especially true for women with T1 cancers becaus&UMor increase and the most relevant sites for assessment
nodal metastases double the risk of distant disease arfyf Ymphatic invasion may receive relatively less patho-
influence therapeutic decisions. The use of systemic adjd®9iC attention. Thus, larger tumors may predict node
vant chemotherapy is often determined by the presence cp(-osmwty because of occult histologic lymphatic inva-
absence of axillary lymph node metasta$ésillary lymph ~ Sion.
node involvement is found in 21% to 42% of patients with ~Sampling error cannot explain the independent associ-
T1 lesions’*%®Variability in the incidence of nodal me- ation of patient age with nodal involvement, which has
tastases is related to the number of lymph nodes removeeen reported in studies both with and without multivar-
and the histopathologic methods used to find metastasei@te analysis=’ In our study, 43% of women younger
The identification of characteristics of the primary tumorthan 40 had lymphatic invasion and 37% had involved
that are associated with nodal metastases might cause th@des. Nodal involvement in women with or without
surgeon to perform a more extensive axillary dissection anéymphatic invasion was more frequent in women younger
the pathologist to use methods of examining the nodes thdhan 40. Young age is also an independent prognostic
increase the likelihood of finding metastatic disease. factor for women with breast cancer, independent of
The most significant characteristic of primary tumorsnodal involvement and tumor siZé Several studies have
related to nodal involvement in this study was the presencattributed the independent association of young age with
of lymphatic invasion. Lymphatic invasion has been re-prognosis to association with other prognostic factors,
ported in 13% to 27% of T1 cancef$®"The presence of such as tumor grade or proliferative measiire$> How-
lymphatic invasion in cancers is associated with positiveever, in large studies, young age has prognostic resilience

Axillary node involvement is the most significant and
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comparable to nodal involvemefht’ The prognostic 8.
value of age remains unexplained.

This study of T1 invasive breast cancers found that lym-
phatic invasion, tumor size, and age are independently as-
sociated with axillary lymph node metastasis. Lymphatic
invasion, whether histologically evident or not, is a prereq-10.
uisite to lymph node metastases. Tumor size may be inde-
pendently associated with nodal metastases because inhet-
ent limitations to pathologic sampling cause lymphatic
invasion to be missed in larger tumors. The independent2.
association of age with lymph node metastases and, in other
studies, with poor prognosis has not been explained by th&-
association of age with other prognostic variables. Thes
results suggest that surgeons and pathologists should be
diligent and thorough in searching for lymph node metas-
tases in young patients with large tumors or lymphaticl5.
invasion. Examining additional levels and immunohisto-
chemical studies on all axillary lymph nodes in such case
is not feasible. A reasonable compromise would be to per-
form sentinel lymph node biopsy in such patients so that the
lymph nodes most likely to harbor metastasis are identified 7.
and examined with additional methods. Sentinel lymphad-
enectomy not only serves to avoid full node dissection but ;.
also may increase the precision of pathologic staging of the
axilla, especially in patients at high risk for lymph node

metastasis. 19.
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